Quantitative determination of toxic cyanide anions (CN À ) in biological samples is an important subject. We 
Introduction
The cyanide anion (CN À ) is very toxic 1 and its binding to cytochrome units causes paralysis of cellular respiration 2 and signicant damage to the nervous system. 3 Absorption of a very small amount of CN À , as little as 0.5-3.5 mg per kilogram of body weight, is enough to cause human death. 4 Cyanides are, however, versatile reagents for synthesis 5 and metallurgy. 6 This oen causes a release of CN À into the environment. The World Health Organization (WHO) therefore sets the maximum permissive level of cyanide in drinking water at 1.9 mM.
7
Quantitative determination of CN À in environmental and biological samples by simple and rapid pretreatment and inexpensive instrumentation is a challenge. Fluorometric analysis with a CN À -selective receptor is one promising method for this purpose because it facilitates simple quantication of CN À with a common uorescence spectrometer. So far, a variety of off-on type uorescent CN À receptors have been proposed; 8 however, many of them show singlewavelength uorescence and its intensity is used for quanti-cation. The emission intensity is strongly affected by several factors such as instruments and receptor concentration; therefore, tedious calibration procedure is necessary on the respective instruments. In contrast, ratiometric receptor, which shows a new uorescence in addition to the inherent one by the interaction with CN À , allow quantication just by monitoring the intensities of two emissions, where the effects of instruments and receptor concentration can be eliminated. Some ratiometric CN À receptors, which can be used in bulk solution, have been proposed; 9 however, to the best of our knowledge, none of the receptor facilitates ratiometric CN À quantication in cells.
Here we report a rst example of a uorescent CN À receptor enabling ratiometric quantication in cells. Our strategy for the receptor design is a simple p-conjugation of two uo-rophores with donor and acceptor characters, respectively, which are in the excited-state intramolecular charge transfer (ESICT C NMR, and FAB-MS analysis ( Fig. S1-S3 , ESI †).
1 (10 mM) was dissolved in a buffered water/MeCN mixture (1/1 v/v) with pH 7.0 (HEPES 0.1 M) and subjected for uo-rescence measurements at 25 C. As shown in Fig. 1a sensing at $4000 mM. The detection limit is determined to be 1.8 mM based on the signal-to-noise (S/N) ratio using the equation (DL ¼ 3 Â SD/S), 13 where SD is the standard deviation of blank analysis (SD ¼ 2.77 Â 10 À4 , n ¼ 10) and S is the slope of the intensity versus the CN À concentrations (S ¼ 4.47
. This detection limit is lower than the maximum permissive level of cyanide in drinking water (1.9 mM) set by WHO, 7 although the present method cannot use pure water due to the low solubility of the receptor and requires a water/ MeCN (1 : 1) mixture for the analysis. Nevertheless, the receptor 1 facilitates sensitive CN À detection by ratiometric analysis. It must also be noted that 1 detects CN À very rapidly. Fig. 3 , where the 2D COSY spectra were used for the assignment of the respective chemical shis ( To clarify the toxicity of the cell treatment, viability of the HeLa cells before and aer treatment with DMF solution containing 1 was determined. A Trypan blue solution was added to the cells, and the respective live and dead cells were counted by Countess II FL Automated Cell Counter. As reported, 8c,9c-f some early-reported CN À receptors exhibit low cytotoxicity aer the treatment with aqueous solution containing the receptors. However, in our case, the cell viability aer the treatment was only ca. 4%, as summarized in Fig. S10 (ESI †) . This means that the cell treatment with DMF solution containing 1 leads to a loss of the functionality for almost all of the cells. In our case, the use of DMF with high cytotoxicity is necessary for permeation of the receptor into the cells due to its low solubility in water. Living cell imaging is therefore not facilitated by the present receptor 1.
Conclusion
We synthesized a simple naphthalimide-coumarin dyad (1) behaving as a ratiometric uorescent receptor for CN À quanti- 
Experimental

General
All anions were used as n-Bu 4 N + or Na + salts. Fluorescence spectra were measured on a JASCO FP-6500 uorescence spectrophotometer with a 10 mm path length cell (both excitation and emission slit widths, 5.0 nm) at 298 AE 1 K using a temperature controller. All measurements were performed under aerated condition. 17 Absorption spectra were measured on an UV-visible photodiode-array spectrometer (Shimadzu; Multispec-1500) equipped with a temperature controller (S-1700).
18 1 H and 13 C NMR charts were obtained using a JEOL 
Calculation details
Ab initio calculations were performed with tight convergence criteria at the DFT level within the Gaussian 03 package, using the B3LYP/6-31+G(D) basis set for all atoms. The excitation energies and oscillator strengths of the compounds were calculated by TDDFT at the same level of optimization. Cartesian coordinates are summarized at the end of ESI. † Cell culture and uorescence microscopy HeLa cells were grown in Dulbecco's modied eagle's medium (DMEM) supplemented with 10% fetal bovine serum on cover slip in 60 mm dishes. The trypsinized cells were incubated with DMF containing 1 (100 mM) and required amount of CN À for 20 min at 37 C in humidied air containing 5% CO 2 . The cells were then washed with PBS for three times and subjected for observation using BIOREVE BZ-9000 Fluorescence Microscope apparatus.
Cell viability test
Trypsinized HeLa cells were incubated with DMF containing 1 (100 mM) for 20 min at 37 C in humidied air containing 5% CO 2 . Aer washing with PBS for three times, a Trypan blue solution was added to the cells. The respective live and dead cells were counted using the Countess II FL Automated Cell Counter.
